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Abstract
The phenomenon that pedestrians use smartphones while walking has posed great threat to transportation safety. As ubiquitous 
computing evolves with increased mobile use (e.g. smartphones, heads-up displays, wearable devices), safety is becoming 
increasingly needed, especially in urban environments. However, safety was not a major concern in human-computer interaction 
(HCI), and owing to the multidisciplinary nature of HCI, it is highly challenging to develop a framework to deal with safety 
issues. In this paper, we discussed the development of a conceptual framework for evaluating and improving safety for 
pedestrians using smartphones while walking in safety-critical environments. A preliminary questionnaire based study was 
conducted to collect smartphone users’ opinionsandattitudes towards using smartphones while walking. Some safety-critical 
details were also collected to address the users’ needs in interaction design. Theproposed frameworkwas explored intheoretical, 
hardware and software levels respectively, which could provide insights forboth ergonomists, application designers and 
researchers.
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1. Introduction
The prosperity of smartphones greatly improved the convenience of our everyday life and also increased our 
dependence on them. According to a report from eMarketer[1], mobile phone penetration will rise from 63.5% to 
69.4% of the global population between 2014 and 2017. Increasing number of people were using their smartphones 
even on the street while walking, as a consequence, increasing number of pedestrian got injuried or killed during 
texting-while-walking. The U.S. Consumer Product Safety Commission showed that injuries related to cell phone 
use among pedestrians and drivers had greatly increased from 2004 to 2010 [2]. As reported by the National 
Highway Traffic Safety Administration (NHTSA) in America, distracted pedestrians may have been a contributing 
factor in the 4,200 pedestrians' deaths and 70,000 injuries in traffic crashes in 2010 [3], of which the estimated 
number of injuries due to mobile phone use among pedestrians was 1506 [2]. Pedestrians are becoming increasingly 
addicted to smartphones due to a lot of reasons, satisfying the emotional and habitual needs is one of them [4]
Mobile phones has been distractors for traffic users and resulted in serious consequences. Using a smartphone 
while walking (e.g., texting-while-walking) is a dual task causing cognitive distraction because pedestrians have to 
share their visual attention between navigating in the environment and watching the handheld screen [5]. Woollacott 
M, Shumway-Cook A [6] suggested that those who perform a dual task while walking are at greater risk of 
collisions or falls. The phenomenon that pedestrians use smartphones while walking has been widely studied from 
the perspective of transportation safety and behavior [7], and some research has been done in CHI community,many 
of which were limited to study the scene of stand-stillusers and some researchers studied the efficiency and accuracy 
of texting entry while walking. Research of human-computer interaction have been done in safety-critical 
environments where the users might collide with other obstacles or moving objects, and several solutions were 
proposed and evaluated. For example, Surround-See [8], a proof-of-concept system was created to enable mobile 
devices to ‘see’ their surroundings during active use by mounting an omni-directional lens on the device’s front 
facing camera. A system called CrashAlert [9] was developed to improve user safety while on the move. Walking 
user interfaces (WUIs) [10] was also introduced to support mobile phone use while walking, however, WUIs mainly 
focus on task efficiency instead of user safety.
The increasing number of pedestrian deaths and injuries during texting-while-walking has raised the awareness of 
mobile phone manufactures as well as application designers.APPLE Inc. filed a patent called “transparent texting” 
on 26th September, 2012. As described in the patent application[11], the device’s camera can “continuously capture 
and present video images as a background within a text messaging session currently being displayed by the device”, 
so that the device’s user can be aware of the environment beyond the transparent display while still focusing on the 
text messages being communicated. Consequently, the device’s user is “less likely to collide with or stumble over an 
object while participating in a text messaging session”. In fact, before APPLE Inc. filed this patent, “Type n Walk”, 
one of the mobile applications that perform the exact function described in APPLE Inc.’s patent application, had 
been released in 2009. 
Pedestrian’s visual search on a mobile device while walking has been studied [7]. The result concluded that 
mobile interface can be improved by proper object sizing and placement. Pedestrian’s visual search during crossing 
(without using mobile phones) has also been studied [12], and the information can contribute to promote safety 
awareness and training programs for crossing or driving. However, pedestrian’s visual search between the 
smartphone screen and the surrounding environment has not been studied. 
This paper systematically discusses preliminary thoughts on basic points related to the design of GUI in safety-
critical environments where smartphones users might collide with other obstacles or moving objects. 
A questionnaire based study from smartphone users’ point of view was conducted. Their opinions/attitudes 
towards using smartphones while walking and some safety-critical details were collected and analyzed. The idea of 
Walking Mode was introduced and one possible framework was proposed to improve safety for pedestrians using 
smartphones while walking. The framework was explored in theoretical, hardware and software levels respectively. 
And this is quite a multidisciplinary research subject that requires collaboration from transportation engineers, 
cognitive scientists, computer scientists and application designers etc.
Available at App Store via http://itunes.apple.com/app/type-n-walk/id331043123?mt=8.
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Fig.1.The distribution of demographic characteristics of the 122 respondents. These information is important because different respondents group 
might generate different analysis results. The age of the respondents varies from 18 to 39.
In this paper, the word “smartphone(s)” referred to smartphone(s) with a large screen and without any keyboard 
as input device. And in the context of this paper, using a smartphone referred to interacting with the screen of the 
smartphone, excluding the use of the smartphone as “cellphones”. 
2. Lessons learnt from a questionnaire based study
Questionnaire has been an effective and inexpensive research instrument in collecting information from 
respondents. 131 questionnaires containing 14 questions (including multiple choice questions and subjective 
questions) were collected. In the process of data collection and analysis, 9 questionnaires with uncompleted answers 
or suspected unreal answers were excluded, thus, 122 complete questionnaires were obtained with an efficient rate 
of 93.13%. The distribution of demographic characteristics of the 122 respondents was shown in Fig.1. The 
questionnaire was analyzed and discussed from the following four aspects.
2.1. Most frequently used smartphone applications of the respondents while walking
As illustrated in Fig.2, social networking applications (e.g. Facebook, QQ) were most frequently used while 
walking. Several apps (e.g. QQ International) which convey the idea of “transparent texting” have existed in market. 
When the users double click the screen in the chat window, an “Enabling camera background” message will pop up 
and the background will become transparent. Thus the pedestrian users can keep texting while walking by watching 
the road conditions through the camera. 
Navigation applications such as Google Maps were the second frequently used applications. Most of these users 
have to check the screen frequently to ensure they are on the right way to their destinations, which is not a natural 
way in the navigation process. Beeharee and Steed [13] proposed and gave an exploratory study of a 
navigationsystem that utilized photographs, which is a more natural way in navigation. Navigation applications with 
“transparent view” have also been developed, for example, an app called “Suibianzou” (Chinese Pinyin) that 
directly utilized the live video camera (Fig. 3).
Fig.2.Percentage of most frequently used mobile phone applications of the respondents while walking.
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Fig.3. Demonstration of a navigation application with “transparent view”. The instructions and navigation information are directly displayed on 
the background of the real-time video images captured by the camera on the smartphone. So pedestrians will be less likely to collide with an 
object while participating in a navigation session. The original screenshot was in Chinese and the texts within the green rounded rectangles were 
translated to English.
2.2. Level of impact of texting-while-walking on texting efficiency and accuracy and strategies adopted by 
pedestrians for texting-while-walking
As illustrated in Fig.4-a, 94.26% of respondents answered that walking does impact on texting. The relationship 
between walking and the difficulty of text input task was explored by SachiMizobuchi et al. [5]. Fig.4-b showed that 
more than 90% of respondents will change their walking speed (walk slowly or stop) for texting-while-walking.As 
suggested by Schabrun SM et al. [14], reduced walking speed during texting could be an attempt to minimize 
movements of the head in space, thus it would be easier for pedestrians to focus on the smartphone screen. As 
automated speech recognition technologies is not robust enough (especially in noisy road scenarios), only 2.46% of 
respondents choose to use voice-to-text technique to solve text entry problem while walking.
In fact, the impact of phone use while walking varies in different conditions. SachiMizobuchi [5] suggested that 
environments vary in terms of the number and types of obstacle they contain and strategies for text input design 
should change according to the type of environment a person is in. However, there is no quantitative measurement to 
evaluate the complexity of environment. 
Fig.4.(a) The level of impact of texting-while-walking on texting efficiency and accuracy; (b) Strategies adopted by pedestrians for texting-while-
walking.
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Fig.5. (a) The level of impact on mobile phone use in different scenarios. (b) The level of impact on mobile phone use in different lighting 
conditions.
2.3. The level of impact on mobile phone use in different scenarios and lighting conditions
Fig.5 illustrates that in the three different scenarios, open space outside an office building was thought to have 
less impact than sidewalks and Walking Street. As for different lighting conditions, 72.95% of the responds thought 
strong sunlight seriously or very seriously impact the phone use while walking, while only 35.24% of them thought 
poor lighting conditions impact mobile phone use while walking. Several respondents emphasized that in strong 
sunlight conditions, they had to use one hand to make a shadow on the screen and the other hand to operate the 
phone.
2.4. Input postures of respondents when using smartphones indoors and outdoors 
Furthermore, the use of common input postures such as two-handed index finger, one-handed preferred thumb 
and two-handed both thumbs [15] were also investigated. 50% of the respondents answered that they use one hand 
to operate the phone when staying in the room while this percentage increased to 61.33 when it comes to walking 
situations outside the room. Some expressed that they used two hands to operate the smartphone only when they 
play some specific games. This reminds us that the user interface of applications should be task-based when 
designing from the point of safety.
3. Discussion
3.1. Possible solutions to improve the safety of pedestrians using smartphones while walking
32.79% of the respondents claimed that legislation or policies are essential to forbid the use of smartphones while 
walking. 22.95% of the respondents answered that warning signs should be set properly or public-service ads should 
be running to remind smartphone users of the possible dangers of using the phone while walking. Others expected 
the improvement of the applications deign or additional sensors to reduce the possibility of collisions or falls. City 
of Chongqing has set the first mobile phone sidewalks in China and the initiative was clarified to be a satirical way 
to highlight the dangers of texting-while-walking [16]. In fact, the idea was inspired by National Geographic in the 
U.S., which created similar divisions on a section of pavement in Washington, D.C., in July as part of an experiment 
into crowd behaviour by the National Geographic TV channel [17]. More scientific research should be conducted to 
evaluate this approach.
The idea of “transparent view” or “transparent texting” proves to be enlightening. However, it was possible that 
pedestrians “see” the obstacles without “noticing” them because of the limited and distracted attention. Furthermore, 
the user experience of texting might be greatly influenced by the continuous changing background of the road. 
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Quantitative approaches should be developed to evaluate the effectiveness as well as the side effect of the idea of 
“transparent”.
3.2. The proposed conceptual framework to improve safety for pedestrians using smartphones while walking
In the historical literature review of mobile user interface design, safety of pedestrians was not listed in the design 
discipline or challenge [18, 19]. We proposeda conceptual framework in the following three levels.
3.2.1. Theoretical level
Safety-based indicators to quantify the safety of applications used in safety-critical environments while walking, 
including the indicator to measure the complexity of the environment and the indicator to measure the task difficulty 
on smartphones.
Actions per Minute (APM) is a term used in the real time strategy field of E-sport which refers to the total 
number of actions that a player can perform in a minute [20].Inspired by this concept, Accurate Equivalent Tap 
Operations (AETA) was proposed to evaluate the task difficulty on smartphones. Due to the fact that users may have 
other operations such as drag, slide, double-touch and rotate other than tap, these operations can be measured by the 
number of tap operations. And some operations are invalid so only accurate operations are counted. Therefore, the 
AETA is a statistical based indicator. Also, a dynamic indicator named Complexity of the Environment (COE) is 
built to measure the complexity of the environment in terms of the number and types of obstacles. Owning to 
pedestrians’ varying Cognitive Capability (CC) to run multiple-tasks at a time, the safety indicator (SI) should be 
measured by the following function:
(AETA,COE,CC)SI f          (1)
The form and details of this function f need to be further explored.
3.2.2. Hardware level
Additional sensors (cameras, distance measuring sensors) to extend the range of pedestrians’ sense or perception 
while walking. 
3.2.3. Software level
A background software system that can parse the scene captured by the cameras in real time and alarm the 
pedestrians in advance to reduce the possibility of collisions or falls. 
Additionally, the idea of Walking Mode was proposed (Fig.6). 
Flexible context-aware interface should be provided according the mode of user. Thus, the GUI of an application 
in normal mode is different from the GUI in Walking Mode. Walking Mode should provide context-aware features 
such as automatic scaling text, transparent view, adaptive brighter screen in strong sunlight conditions, flexible 
voice-commanding interface and real-time alert of dangers. Users can switch between the different modes manually 
or let it be switched automatically by the system [21]. Additionally, users should be able to choose their preferred 
input gesture (e.g. two-handed index finger, one-handed preferred thumb and two-handed both thumbs) to improve 
the efficiency and accuracy for input while walking.
Fig.6.Illustration of Walking Mode on a smartphone.
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Fig.7. Illustration of camera configurations and real-time scene parsing system.
Fig.8.Side cameras enable a wider view. Whether the view captured by the side cameras appearing on the screen or not is controllable by the user. 
The background software system can parse the scene not just in front of the user but also beside the user, thus informing the user of the 
surrounding information in a more comprehensive way.
Fig.7 and Fig.8 illustrate the configuration of the side cameras as well as the wider view provided by side 
cameras, furthermore, they demonstrate the idea of a real-time scene parsing system inspired by [22] and a warning 
system that can alert the pedestrians of possible dangers.
4. Conclusions
In this paper, we systematically discuss the safety issues related to multiple-task situations such as texting-while-
walking or navigation-while-walking. A preliminary questionnaire based study was conducted. Opinions/attitudes 
towards using smartphones while walking and some safety-related as well as convenience-related details were 
collected and analyzed. From the perspective of pedestrian safety, the idea of Walking Mode was introduced and a 
framework was proposed to improve safety for pedestrians using smartphones while walking. The framework was 
explored in theoretical, hardware and software levels: 
1) Theoretical level - safety-based indicators to quantify the safety of applications used while walking, including the 
indicator named AETA to measure the difficulty of finishing one task on smartphones and indicator to measure 
the complexity of the environment (COE). The Cognitive Capability (CC) indicator in this crossing-subject 
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context should be developed by cognitive scientists and engineers together. It is hoped that cognitive computing 
approach could be developed to quantify human’s attention allocation when dealing with dual-task like texting-
while-walking. 
2) Hardware level - additional sensors (cameras, distance measure equipment) to “enhance” the peripheral vision of 
pedestrians while walking. 
3) Software level - a background software system that can parse the scene captured by the cameras in real time and 
alarm the pedestrians in advance to reduce the possibility of collisions or falls. Our framework could provide 
insights for smartphone designers as well as application designers, and might be developed to navigate for people 
with visual disabilities.
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